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^ (54) Title: MRI APPARATUS PROVIDED WITH ANTI-INTERFERENCE SUPPLY CONDUCTORS FOR ELECTRICAL CON- 
NECnON EQUIPMENT 

^ (57) Abstract: In medical MRI apparadis it is often desirable to maintain a connection with the patient (58) to be examined, for 
^ example in order to observe the patient by means of a television camera (62) or to monitor physical functions like the heart rate or 
1^ blood pressure. It is often necessary to use electrically powered connection equipment (62, 64) which is located in or very close to 
^ the imaging area (29), the supply lines (66, 68) also being located in the imaging area so that the (precisely defined) fields required 
S for imaging would be distuit>ed thereby. According to the invention the supply lines are subdivided into segments (72-i), each of 

which has a length shorter than 1/4 of the wavelength of the RF field; these segments are separated from one another by inductances 
O C'^-i). Consequently, the supply line does not present itself as an energy absorbing conductor to the RF field, so that the RF field is 

not disturbed thereby. Distortion of the uniform B field is avoided by twisting the conductors (78, 80) of the line and by winding the 

inductances in a bifilar winding mode. 
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MRI apparatus provided ^th anu-interference supply conductors for electrical connecrion 
equipment 



The inventiDn xelatea to an MRI apparatufi for foxming an image of an objeci 
to be examined in a measuring volume of the apparatus, which apparatus includes 

a field magnet for generating a uniform field in the measuring volume of the 

appazatos. 

5 an RF transmission aerial for transmitting RF radiation of a given wavelength 

to the object to be examined, and 

eleccrical connection equipment for maintaining a connection with the object 
to be examined, said connection equipment being coupled to a region outside the measuring 
volume by means of a conductor provided with frequency^dependent elements. 

10 An apparatus of this kind is known from United States patent No. 5,602,478. 

As is customary for MRI equipment, the object to be examined according to the cited patent 
is formed by a patient; a part of the body of such a patient is to be imaged. As is generally 
known, the generation of the electromagnetic fields causes an unpleasant noise in MRI 
equipment. In order to suppress such noise, the known MRI apparatus is provided with 

15 electrical connection equipment for maintaining a connection with it^c patient, Ihe connection 
equipment in said known apparatus being formed by a headset whereby anti-noise is 
produced. The headset is coupled to a signal generator which is situated in the region outside 
the measuring volume. Said coupling is realized via an electrical conductor vAdoli consists of 
two cores and a conductive envelope. In order to prevent undesirable influencing of the 

20 imaging by means of the MRI apparatus, the conductor is provided with frequency-dependent 
elements in the fomi of a filter circuit which includes a number of filters tuned to a number of 
frequencies of the RF radiation. Each of these filters is formed as a series connection of an 
inductance and a capacitor and is arranged between a ground point and a point of the 
associated conductor which is situated at such a distance from tbe headset that this distance 

2S corresponds to waveleng& of the RF radiation whereto the relevant filter is tuned. This 
means that the interference-suppressing effect of said filters is efEective for a few, 
predetermined frequencies only. 

The headset used in the known apparatus is a passive element, i.e. the headset 
does nox receive electrical power from outside the measuring volume. However, there is an 




wo 00/77926 PCT/EP00/0501 4 

2 

increaaing need for electrical connection equipment for maintaining a connection with the 
patient to be examined which is capable of receiving electrical power supply energy, such as 
sensors for monitoring the physical condition of the patient or a TV camera for observing tlie 
patient, and the associated lighting. 

5 It is an object of the invention to provide an MRI apparatus of the land set 

forth wherein electrical connection equipment with active elemmts can be used without 
causing a disturbance of the image for a wide range of radio frequencies used in the 
apparatus. To this end, the MRI apparatus according to the invention is characterized in diat 
the conductor which coiq)les the connection equipment to the region outside the measuring 

10 volume is constructed as a low-frequency conductor for the supply signals of low frequency^ 
relative to the frequency of the RF radiation, to and from the connection equipment. 

said low-frequency conductor including segments (72-i) which are separated 
from one another and each of which is shorter than Vi of the wavelength of said RF radiation, 
the separation betweeu the segmerits being realized by frequency-dependent 

1 S separating elements which constitute a conductor for said low frequencies and an isolator &r 
RF alternating current. 

Taking these steps allows for the use of active connection equipment which is 
fed via a conductive oonneetion, no diatuibing effect being exerted by the low^frequency 
conductors for as long as the segments are significatitly shorter than the wavelength of the RF 

20 radiation used in the MRI qsparatus. 

Each of the separated segments in an advantageous embodiment of the 
invention is shorter than 1/20 of the wavelength of said RF radiation. It has been found in 
practice that such a choice of the length of the segments results in an effect on the MR image 
vAnch is negligibly small for all practical purposes. 

25 The separating elemectts in a fordier embodiment of the invention are formed 

by inductances which do not contain a ferromagnetic material. 

As a result of this step, field concentration in the inductance elements carmot 
exert an adverse effect on the homogeneity and/or the strength of the homogeneous field 
generated by the MRI appaiatus. 

30 The inductances in another embodiment of the invention are formed in that the 

input core and the output core in the low-*frequency conductor are wound so as to form bifilar 
wound coils. 

As a result of this step, the input core and the output core in the low-frequency 
conductor will not genemte a field outside the inductance elements which could have an 
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adverse effect on the boroogeneity and/or the atiength of the homogeneous field generated by 
the MBI apparatus. 

The segments in another embodiment of the invention are fonned by muraally 

twisted cores. 

5 As a result of tins step, the iiiput and outpw cores in the low-frequency 

conductor again will not generate a field which would have an adverse effect on the 
homogeneity and/or the strength of the homogeneous field generated by the MRI apparatus. 

The invention will be described fa detail hereinafter with reference to the 
Figures in yMdk corresponding ehanenta are denoted by corresponding refierence numerals. 

10 Therein: 

Fig. I is a diagrammatic representation of the general construction of a 
magnetic resonance imaging i^paratus in which the invention can be used; 

Fig. 2 is a more detailed repieaentation of the measuring volume of the 
magnetic resonance imaging apparams shown in Fig. 1; 
J 5 Fig. 3 is a diagrammatic representation of a low-ftequency conductor 

according to the invention fia deUvering electrical low-frequency signals, such as power 
supply energy to connection equipment in the measuring volume, which low-ftequency 
conductor is provided with inductance elements. 

The magnetic resonance imaging apparatus shown in Fig. 1 includes a fust 
20 magnet system I for generating a uniform, steady magnetic field B, a second magnet system 
3 for generating magnetic gradient fields, a power supply source 5 for the first magnet system 
1. and a power supply source 7 for the second magnet system 3 . An RF coil 9 serves to 
generate an RF magnetic alternating field; to this end it is connected to an RF transmission 
device which includes an RF source H . The RF coil 9 can also be used for the detection of 
25 spin resonance signals generated by the RF transmission field in an object to be examined 
(not shown); to this end, the RF coU is connected to an RF receiving device which includes a 
signal aropUfier 13. The output of the signal aropUfier 13 is connected to a detector circuit IS 
which is connected to a central control device 17. The central control device 17 also controls 
a modulator 19 ft>T the RF source 1 1. the power supply source 7 and a monitor 21 fot display. 
30 An RF osciUator 23 controls die modulator 19 as well as the detector 15 which processes ihc 
measuring signals- The forward and return RF sigwd traffic are separated from one another 
by a separation circuit 14. A cooling device 25 with cooling ducts 27 serves to cool the 
magnet coUs of the first magnet system 1 . The RF coil 9, arranged witiun the magnet systems 
1 and 3, encloses a measuring volume 29 which is hwge enough to enclose a patient to be 
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exarained or a part of a patient to be examined, for example the head and the neck, in an 
apparatus for forming medical images. Thus, a steady magnetic field B. gradient fields which 
select object slices, and a spatiaUy imifoim RF alternating field can be generated in the 
measuring volume 29. The RF coU 9 is capable of combining the functions of transmitter coil 
and measuring coil. It is also possible to use different coils for these two functions; for 
example, surface eoUs then act as measuring coUs. The assembly formed by the coils I. the 
coil 9 and the second magnet system (gradient coils) 3 is enclosed by an RF-field shielding 
Faraday cage 31. 

A supply Une 50-1 extends fioro the power supply source 7 to the feedthrough 
device 30; furthennore. a supply line 50-2 extends tram the power supply source 5 to the 
feedthrough device 30. The central control device 17 and the various parts to be controlled 
(not shown) in the MRI apparatus within the Faraday cage 3 1 are interconnected by way of 
connection leads 32 which are connected to such parts to be controlled via the feedthrough 
device 30. Furthennore. an RF connection line 34 is arranged between the separation circuit 
1 4 and the feedtimjugh device. Inside tiic Faraday cage the supply line 50-1 continues as a 
connection lead 46-1 and the supply line 50-2 continues as a connection lead 46-2. The 
bundle of connection leads 32 continues as a bundle of connection lines 56 witirin the 
Faraday cage. 

Fig. 2 is a more detailed representation of the measuring volume of the MRI 
apparatus shown in Fig. 1. For tiie sake of clarity, this Figure shows only two coils of the first 
magnet system 1 for generating a unifomi. steady magnetic field B. A patient 58 is arranged 
on a patient table 60 within the measuring volume 29 in such a manner that sUce images can 
be foiroed of the head and the neck. Within or in tiie direct vicinity of the measuring volume 
29 tixere is arranged electrical connection equipment for maintaining a connection witii the 
patient to be examined, said eqwpmeat in tius case bemg a TV camera 62 and a lamp 64 for 
Uluminating tiie field of view of the camere. It is to be noted, however, that otiier electrical 
connection equipment may also be arranged within or near ttie measuring volume, for 
example sensors for measuring tiie blood pressure, the heart beat or tiie cerebral activity of 
the patient, or f«M- carrying out two-way communication witii tiie patient 

The television camera 62 and tiie tamp 64 receive power supply energy from 
tiie power supply apparatus 7 via a respective supply conductor 66, 68. The two supply 
conductors 66 and 68 extend through the uniform magnetic field B and tiirough tiie RF field 
generated by the coils 9. According to the invention steps are taken so as to prevent tiie RF 
field generated by ttie coHs 9 and/or tiie uniform magnetic field B ftom being disturbed so 
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that the quaUty of the slice images to be formed by means of the MRI apparatus would be 
adversely affected. The supply conductors in which such steps are incorporated wiU be 
described in detail hereinafter with reference to Rg, 3. 

Fig. 3 shows a supply conductor, for example the supply conductor 66 for 
supplying the television camera with electrical power supply energy. This supply conductor 
66 includes segments 72-1. 72.2. ... 72-i. ... which are separated ftom one another and each of 
which is shorter than one quarter of the wavelength of said RF radiation, preferably shorter 
than 1/20 of said wavelength. The separation between the segments is realized by way of 
inductance elements 74-1. 74-2. .... 74-i, .... As is known, inductance elements are fiequoocy- 
dependent separating elements which constitute a conductor for direct current and an isolator 
for RF alternating current. The frequency used for the BP field generated by the coils 9 is of 
the order of some tens of MHz and typicaUy amounts to, for eaeample 64 MHz. This 
frequency corresponds to a wavelength of apprwdnuitBly 469 cm, so that the segments 72-i 
have a length of approximately 469/20 « 23 cm. Said segments are constructed in the form of 
two cores which are twisted one around the other, with the result that toe supply current 
flowing through these cores does not generate anoticeable nuignetic field outside the supply 
conductor. 

Fig. 3 shows an inductance element in greater detail. Such inductance 
elements 74-i are constructed as coils wound on a former 76 which does not interact with the 
RF field and with the unifiam B field, so that this foimei cannot disturb said fields. A 
suitable material for such a coU fimner is. Sat example polycarbonate. The two cores 78 and 
80 of the supply conductor are wound on the former 76 in such a manner that the magnetic 
fields generated by the current in these cores compensate one another to a high degree so that 
these coUs do not generate a noticeable field. Tliis effect is achieved by arranging the two 
cores directiy ai^aeent ope another on the fimner in such a manner that the currents in these 
two cores oppose one another. This U referred to as a bifilar winding. It is a further effect of 
the bifilar winding that toe RF field cannot generate currents in the supply conductor, 
because the inductance has a high impedance fiir such currents (which would present 
themselves in toe common mode, i.e. such currents would have the same direction in toe two 
cores 78 and 80). As a result of said choice of toe lengto of toe segments, separated by 
inductances having a high impedance for said BF frequency, such segments cannot tajte up 
energy from the RF field so that they cannot noticeably disturb said field. 
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CLAIMS: 



1 . An MRI apparatus for foxming an image of an object (S8) to be examined in a 
measuring voliune (29) of the apparatus, which apparatus includes 

a field magnet (1) for generating a uniform Geld (B) in the measuring volimie 
of the apparatus. 

S an RF transmission aerial (9) for transmitting RF radiation of a given 

wavelengih to the oboect to be examined, and 

electrical connection equipment (62, 64) for maintaining a connection with the 
object to be examined, said connection equipment being coupled to a region outside the 
measuring volume by means of a conductor (66* 68) provided with freqimicy-dependent 
10 elements. 

charactnized in that 

the conductor (66, 68) which couples the connection equipment (62, 64) to the 
region outside the measuring volume (29) ia constructed as a low-frequency conductor for the 
supply of signals of low frequency, relative to the frequency of the RF radiation, to and from 
IS the connection equipment, -t 
said low-'frequency conductor including separated segments 02^i) which are ^ 
separated from one another and each of which is shorter than 1/4 of the wavelength of said . ^ 

RF rBdiaticm» 

the separation between the segtnents being realized by frequency-dependent 
20 separating elements (74-i) which constitute a conductor for said low frequencies and an 
isolator for RF alternating current 

2. An MIU apparatus as claimed in Claim I, wherein each of the separated 
segments is shorter than 1/20 of the wavelmgth of said RF radiation. 

25 

3. An MRI apparatus as claimed in Claim 1 or 2, wherein the separating elements 
are formed by inductances which do not contain a ferromagnetic material. 
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4. An MRI apparatus as claimed in Claim 3. wherein tiie inductances are fimned 

in that ihe input core and the output core (78. 80) in the supply conductor are v^und so as to 
form bifilor wound coils. 



5 



5. An MRI apparatus as clainied in one of the preceding Claims, wherein the 

segments arc formed by mutually twisted cores. 
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FIG. 3 



